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HURRICANE PROTECTION PROJECT
MYSTIC, CONNECTICUT

DESIGN MEMORANDUM NO. 1

HYDROLOGY AND HYDRAULICS

l. PURPOSE

The purpose of this memorandum is to describe the hydrologic and
hydraulic criteria spplicable to the design of the hurricane protec-
tion project in Mystic, Comuscticubt at the mouth of the Mystlic River.
Part I - Hydrology includes sections on watershed description, clima-
tology, design riverflows and interior ponding. Part II ~ Tidal
Hydraulics includes sections on normal tide conditions, experienced
tidsl flood levels, frequency of tidal flooding, determination of de-
sign tidal flood levels, associabed weve heights, wave runup and over-
topping and modified tidal flooding.

2. DESCRIPTION OF PROJECT

The plen of protection will consist of a 3,200-~foot main barrier
across Mystic Harbor at the northern end of Sixpenny Island, extend-
ing from high ground on the west shore to Mason Islend on the east;
an earth barrier at the causeway to Mason Island terminasting with a
concrete wall at the west end; and a series of earth dikes across
lowland on Mason Island and in the ares east of Mystic. The project,
to be operated during hurricenes and severe coasbal storms, will in-
clude the following structures:

a. A gated navigation opening in the main barrier, 75 feet wide
with invert at «17.2 feet msl and centered on the existing navigetion
channel.

b. A bigh-level ungated 39-foot wide rallway opening unear
Sixpenny Island. The authorized plan included a stoplog structure
6.5 feet high by 50 feet wide. As the result of a review of the
operational problems and with the conmcurrence of the rallroad, it is
proposed to eliminate the stoplogs and allow restricted flow to enter
the harbor storsge during a burricane.



cs A gated small bost opening 12 feet wide with invert at =6.0
feet msl in the causewsy barrier.

d. A 30=foobt wide stoplog opening st westerly end of causeway
barrvier.

A general plan of the project is shown on plate l=l.

PART I « HYDROLOGY

3. DESCRIPTION OF MYSTIC RIVER WATERSHED

The Mystic River originates in the towan of North Stonington in
southeastern Connecticut. The watershed, shown on plate 1-2, is
about 7.0 miles in length, 3.5 miles in width and has a total drain-
age areza of 30,1 square miles upstream of the harvier. Included in
this area are 700 acres of tidal ares in Mystic harbor and 2.2 square
miles of drainage area in Pequotsepos Brook which flows into the
haxbor on the nortbheast side. The elevation of the walershed varies
from 400 feet msl in North Stonington to mean sea level in Mystic
harbor. The Mystic River is & tidsl estuary from the mouth to the
commmity of Old Mystic, approximastely b miles north of the barrier.
Noxrth of OLd Mystic the river falls 180 feet in approximstely 3.5
miles from its origin at Long Pond. The topogrephy is gently rolle
ing, with.the exception of Loung Hill in the northern end. The river
flows through numerous lov swamplends which tend to retard flood
runoff.,

Lk, CLIMATE

The southern coastal ares of New England has a temperabe and
changeable climate marked by four distinct seasons. Owing to the
moderating influences of Long Islend Sound and the Atlentic Ocean,
and particularly the variable movements of high and low pressure
systems approaching from the west or southwest, exbtremes of either
hot or cold weather are rarely of long duration. In the winter,
coastal storms frequently bring rainfall to the shove areas rather
than snow as in the more northerly sections of Connecticut. In the
summer, cooling relief from hot hunid weather is provided by sea
breezes from the south, thunderstomms from the west and cool air
from the north. The prevailing winds ave northwesterly in the
winter and southwesterly in the summer. High winds, heavy rainfall

3



and abnormally high tides occur with unpredictable frequency. Hurri-
canes occur most frequently during the months of August, September
and October.

5. TEMPERATURE

The meen annual tempersture in the Mystic area, based on 84 years
of record at New London prior to 1955, is approximately 50° Fahrenheit.
January and February are the coldest months with an average temper=
ature of about 30° F. and July the warmest with a mean temperature of
72° Fahrenheit., Freezing temperatures are common from late November
through March. The lowest temperature recorded in the New London aree
was ~17° F. on 9 February 1934 and the highest 100° F. on 26 August
1948, Table 1-~1 is a summary of the mean monthly and maximum and mini-
mum temperatures recorded at the U. S. Weather Bureau station at New .
London, Connecticut. The monthly mean temperatures are based on the
period of record from 1871 to 1954, while the meximum end minimun
temperstures are based on the period 1885 to 1954, The station in New
London was discontinued in 1955,

TABLE l-1

MONTHLY TEMPERATURES AT
NEW LONDON, CONNECTICUT
(Degrees Fshrenheit)

Month Mean Maximum Minimum
Jaomary 29.8 67 - 7
February 29.8 68 «17
March 37.4 8h 3
April 46,9 91 13
May 5Tk 93 31
June 66.2 o7 38
July TLeT 99 Ll
August 703 100 L)
September 6. 95 35
October 54,3 87 : ok
November L34 7 9
Decenbexr 33.0 67 =12
ANNUAL 50.4 100 =17



6. PRECIPITATION

The average annusl precipitetion over the Mysbtlc River basin is
gbout U5 inches, and is rather evenly distribubed throughout the
year, Table 1-2 is a summsry of the average monthly precipitabtion
amounts at New London as measured over a period of 84 years prior

to 1955,
TABLE 1=2
MONTHLY PRECIPITATION AT

NEW LONDON, CONNECTICUY
{Depih ia Tuches)

Month Mean Maximum Minimumn
Japuary ‘h’a ok 8. 61, 250
February 3 62 11 98 th
March ho20 10.96 " 35
April 3.76 10.85 +6h
May 3.49 9.03 5k
June 3009 7&71 201 (19)%‘9)
July 3653 T13 ol
August k.39 16,4k (1874) 48
Septenber 3,41 1L.21 +33
October 3,52 8.47 s20
Novembex 3.83 9,40 «32
December 377 10.67 o T3
ANNUAL bl 61 60.62 (1919) 30,05 (1896)

Ts SNOWIFALL

Snowlall abt Mystlc averages about 31 iunches over the winter
season. The snow cover usually reaches a maximum depth of aboub 15
inches in Februery. Monthly and annusl sverege snowfall for New
london, based on 49 yeavs of record prior to 1946, are shown in
table le3.



TABLE 1-3

MEAN MONTHLY SNOWFALL AT
NEW LONDON, CONNECTICUT
(Average Depth in Inches)

Month Snowfall Month Snowfall
Jenuary 8.6 July 0.0
Februsry 9.8 August 0.0
March 53 Septamber Us0
April 0.8 October Trace
May 0.0 November 1.6
June 0.0 December 5.8
Anrusl  30.8
8. STORMS

The Mystic River basin experiences three general types of storms:
continental, coastal and those associated with thunderstorms. The
rapidly moving continental or cyclonic storms that eross the basin
from the west or southwest produce frequent periods of rainfall but
are not extremely severa, Continental storms are apt to be more
eritical when they are of the stationary frontal type which may pro~
duce gppreciable rainfall over & given ares on several successive
days. Thunderstorms may be of the frontal type assoclsted with
continental storms or of the local type which frequently produces
high rainfall intenmsities over smell areas. The most severe storms
in the area have been of the hurricsne type of tropical origin that
move up the ecastern seaboard. They are most likely to occur during
the late summer snd autwm months. The storms of Sepbember 1938,
September 194k, August and September 1954 snd August 1955 were of
this type.



RAINFALL AND RUNOFF

9. HURRICANE RAINFALL

Among the greatest recent reinfalls assoclsted with hurrlcanes
in New Englend are those recorded for "Comnie"” and "Diane" in August
1955. Hurricane "Comnie", 1l-15 August, produced rainfall varying
from about 4 to 6 inches over southern New England and ended a
period of drought. A week later, 17=20 August, hurricene "Diane"
brought rainfall of 16 to 20 inches to Connecticut end Massachusetts.
These two hurricenmes produced totel rainfalls of 5.6 and 2.3 inmches,
respectively, at Grotop, Conmecticut. At West Mensfield, Masse-
chusetbs, about 60 miles northeast of Mysitic, hurricane "Diane” pro-
duced a record rainfall of 13.1 imches in 55 hours, with k.l inches
falling in 6 hours.

Excessive rainfall also was associated with the September 1938
hurricane. The maximum precipitation for this storm was concens-
trated over Portland, Connecticut, sbout 40 miles northwest of
Mystic, where a total of 17 inches was recorded for the period 17-21
September. At New Haven, Connecticut, ebout 50 miles west of Mystic,
the total rainfall was 11.6 inches,

Recorded rainfalls at 5 U, S. Weather Buresu stations near
Mystic during a auwsber of vecent hurricanes are shown in tsble l-k.

10, RUNOFF AND STREAMFLOW

There sre no stremnflow records for the Mystic River basin.
However, there are seversal U. S. Geological Survey stream gaging
stations located on other rivers in southern New Ipglend that are
considered representative of the xrunoff charascteristics of the
Mystic River. Table 1l=5 shows streamflow data for seven selected
rivers along the southern New England coast.

1l. UNIT HYDROGRAPH ANALYSIS

Unit hydrographs were developed for 3 gaged coastal streams
"with runoff characteristics similar to the Mystie River, namely,
Wading River at West Mansfield, Massachusetts, Adamsville Brook at
Adamsville, Rhode Islend and Woonasquatucket River at Centerdale,
Rhode Island. The Woonasguabtucket River bas a total drainage sree
at the Centerdale gage of 38.3 square miles. A uwnit hydrogreph



TARLE 1-h

HRURRICANE AND OTHER STORM RAINFALLS
VICIWITY OF MISTIC, COMNERCTICUT
{Accumilated Rsinfell in Inches)

Hurricans Westbrook, Conn. HNew london, Conm. Groton, Comn. Lingston, B. I. Hew Hoven, Connhe
or Moximum¥ Maximum¥ Maziaman® Maximum Maximm
Other Storm  2he-Hour Total  SheHour Total 2h-Hour Total  2h-Hour Total  2Sh-Hour Total
Sept 1938 b o= = o el = 113 2&8 63‘3'3' }.isé
Sept 1922'2; 208 6»2 39;"3* 7::., hast = 2,-1}' }-},h is’-,O 855
Aug 195k Y.k .k .5 5e 0 N1 3.5 2.9% 2.9 2.75 2.75

{Carol)

Sept 195k 5.6 3.5 %,0 563 6.2 o2 5.5% 5.5 5.55 355
{Edna)

Aﬁg 1955 3-3'03 ?93 an "TGG 5»3. 5:@6 5%?‘% 5«? 3&2 3;6
{Connis)

&g 1855 1.4 2.2 1.8 1.5 1.2 23 2.2% 3.2 3.2 4,3
{Diane}

Oct 1955 - 5.1 = - 2.3 ho3 3.1% 4.65 3.8 5.9
Sept 1960 3.8 4,3 - - 3.2 3.8 1.6 1.7 5.3 3.5
{Donna)

Sept 1961 2.5 3.0 - = Tt To& 6.5 7.1 2.0 2.0

{Esther)

* NHonrecording gage - values based on dsily readings



TABLE 1-5

STREAMFLOW DATA
USG5 GAGING STATIONS NEAR MYSTIC, CORNECTICUT

Approxi=
Rivers & Loeations Drainage Period of Peak Discharge mate Storm
of Gaging Stations Aves Record [ CSM Reinfell Date
{inches)
Weding River 19.2 i2 519 a7 12 20 Aug 1855
W. Hopsfield, Mass,
Adamsville Brook 8.5 25 269 31 hug 12 Sept 195%
Adamsville, B, I.
Woonasqustucket River 8.z 2k 1,100 29 k=5 12 Sept 1954
Centerdale, R, I.
Yantic River 88.6 36 13,500 153 10 21 Sept 1938
Yantic, Conn.
E. Branch Eightmile R. 22:C 38 2,950 134 10 21 Sept 1938
Forth Lyme, Conn.
W. Branch Eightmile Re 18.6 28 2,350 126 8 15 Oet 1955
North Pisin, Conm.
Memunketesuck River 11.6 2k 1,500 3 heg 11 Sept 195k

Clinton, Conne.



vas also developed for the 13.8 square mile area below Woonasquas
tucket Resexvoir.

Comparative unlt hydrograph characteristics for the Mystic
River and the other three basins are shown in table 1l=6, Snyder
coefficients were selected for the Mystic River based on values
derived for the above three basing, end a synthetic 3-hour unit
hydrograph was developed. The adopted unit hydrogreph for the
Mybtic River is shown on plate 1=3.

1l2. DESIGN RIVERFLOWS

Records from Nev Englend cosstal streams do not show any msjor
tloodflows coincident with damaging burricane tides. However, it
is considered possible that rainfaell preceding a hurricene could
produce & yelatively high riverflow at the time of barrier gate
closures The depth of ponding that would ocecur in the Mystic har-
bor area behind the barrier was determined for 4 combinations of
tide, concurrent riverflow and proposed gate operation. Flood hydro-
grophs were developed for the Mystic River from the following storms:
the 10=year, l00-year, Septewber 1938 and standard project. The
September 1938 storm was developed from s transposition of the maxie
mu rainfalls recorded in New England durdng this hurricane. The
stendard project storm, l00-year snd 1O-year, 2h-hour rainfalls were
determined from EM 1110-2-1411 and U. S. Weather Buresu Technical
Paper No. 40, respectively.

Runoff hydrographs were developed by spplylng the respective
rainfall excess values to the adopted unit hydrograph. The flood
hydrographs end mags rainfall curves are shown on plate l=3.

13. PONDING IN MYSTIC HARBOR

2. QGeneral. The water surface area of the harbor upstream of
the barrier will be 700 acres at mean sea level. This area will
provide a substential volume of storvege for inberior runoff from the
watergshed. Between elevation 0.0 amd 4.0 feet msl, the beginning of
significant damasge, the harbor will have a storage cepacity of 3,400
acre-feet, equivelent to 2.1 inches of runoff from the drainage ares
of 30.1 squave miles, Between elevetions 2 and L feet msl, there
will be 1,800 acre-feet of available storage, equivalent to 1.1
inches of runoff. Tentatively, 1t is proposed to close the gates on
the navigation chaonels anbecedent to sxrival of the tidal surge when
the rising ocean tide reaches elevation plus 2.0 feet msl., Area
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TABLE 1-6

UNIT HYDROGRAPH DATA
MYSTIC BURRICANE PROTECTION PROJECT

Adamsville Brook
Adsmsville, Re 1.

Yoonasguatucket Re
Centerdale, R, I,

¥Wading River
West Mansfisld, Mass.

Mystic River
Mystie, Conn.

Drainage Avea 8.6 13.8 19.2 30.1
{square miles) {Reservoir-Centerdale)

L 6.0 - 6.k S:1 12.5
Los | 2.5 22 5.3 6.3
River Slope 8.00512 0.00295 0.000866 0.0056
Tpg 1z 10 » 26 18

T 6 3 6 3

IpR 21.0 46,0 6.8 16.7
QpR 181 635 130 503

Crm 5.3 b0 8.1 5.8

250

60

177

300



capacity curves for Mystic harbor behind the barrier are shown on
plate 1-k. Rating curves for the main barrier and small boat open~
ings are shown on plate l-5.

b. Design conditions. The adequacy of the desgign was tested
for various combinations of riverflow and tide levels. ‘The maximum
elevation in the herbor ares was determined for each of the following
conditions:

(1) One-hundred yesr storm rupnoff with standard project
tide. The barrier gates were assumed to be closed when the tide
reached elevation 2.0 feet msl and would remsin closed for 4 hours:
and 20 minutes. During this period the harbor would rise to a maxi-
mm elevation of 3.4 feet mel. At this elevation 850 scre-Peet of
runoff from the 100-year storm, 150 acre-feet of overtopping by the
design tide and 200 acre-feet of flow through the ungated railroad
opening would be in storage. A graphical illustration of this flood
is shown on plate 1-«3.

(2) stendard project flood with normal spring tide (navi-
gation gates open). The barrier openings will pass the stendard
project flood discharge of 4,720 cfs with a head differential of
about 0.2 foot. Therefore, with the water level on the oceanside of
the barrier at elevation l.U4 feet msl (mesn spring high water), the
navigation openings will have adequate cgpacibty to discharge the
standard project flood in the Mystic River without producing an a-
precieble rise in the bay elevation.

(3) Transposed 1938 stomm with 1938 hurricane tide. The
barrier gates would be closed when the tide reached elevation 2.0
feet msl, and would remain closed for a period of 3 hours and 45
minutes., During this period the bay would rise to an elevation of
3.2 feet msl. At the maximm stage 994 acre-feet of runoff from
the river and 46 acre~feet of flow through the ungated high level
railroad opening would be in storsge within the harbor ares. A
graphical deseription of the flood is shown on plate 1-3.

(4) Ten-yesr storm runoff with mein barrier gste closed
and inopersble. The 1lO-year flood hydrograph was routed through the
bay area, sssuming the main gate closed and all outflow limited to
the small boat passageway. The peak inflow rate of 1,400 cfs would
be reduced by the bay storage to a maximum oubflow of 800 cfs. The
harbor level would rise from an assumed initial elevation of l.4
feet msl (mean epring high weter) to 3.1 feet msl, A constent

11



oceanside elevation of l.b4 feet msl was aszumed throughout the flood
period. A lower ocesnside elevsbtion would have little effect oun the
resulting meximum bay elevation, since the swall boat opening would
act as a broaderested weir with critical flow conbrol omce a head
differential of epproxzimately 2.0 feet iz developed between the bay
and the ocesn.

k. INTERIOR DRAINAGE

‘Dikes "A" and "B will intersect exisbing surface rupnoff snd,
therefore, some modification of the intericr drainege systems will.
be required.

A small geted culvert will be ilvstalled under dike "A". The
ground surface at dike "B" is relatively lov and much of the land is
presently 1dle. It is covered with a demse growth of brush and wmarsh
vegetabion. The existing surface drainsge and ditches will be re-
graded and realigned as showm op plate l-1. The proposed drainege
system will ineure rapid removal of tidal overflow as well ss the
nomal intericr runoff,

Additional structural details of the proposed drainage sysbens
will be included in the eppropriabe feabure design memorandums.

PART IL - TIDAL HYDRAULICS

HOBMAT, CONDITIONS

15, NORMAL TIDES

Two high and two low tides ovour each lunay day at Mystic harbor.
The time lnterval for a complete tidal cycle averages shoub 12 hours
and 25 minutes. Tidal deta for Mystic harbor are summsrized in table
l“‘?@

16. RECORDING TIDE GAGES IN TUE EASTERN END OF LONG ISLAND SOUND
Records from four recording tide gages locobted in the eastern end
of Long Islend Sound were used in the design studiss for the Mystic

hurricane protection project. Locsbions of these geges are shown on
plate 1-6, while table 1-8 provides genersl inventory debe. ALl of

12



these gages are presently in operation with the exception of the Old
Saybrook gege which was removed on 7 September 1965.
TABLE 1-7

NORMAL TIDES IN
MYSTIC HARBOR, CONNECTICUT

Feal

: LT

Mesn Tide Range i 2°3~ :%

Meen High Water (above msl) 1.13

Mean Low Water (below msl) 1.17
Averasge Spring Tide Range 2.7
Mesn Spring High Water (sbove msl) Lok
Maximum Spring High Water (above msl) 2.4
Moximum Spring Tide Range 4,2
Estimated Minimm Lov Water (below msl) 3.7

17. FACTORS INFLUENCING TIDES

The tides are subject to meteoroclogical influences such as
changes in atmospheric pressure and stromg winds besides the nor-
mal gravitational effects of the sun and moon. A drop in baro-
metric pressure of 1 inch of mercury will cause gbout a 1 foot
rise in water levels. During coastal storms, tide levels often
build up several feet gbove predicted elevations.

13
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TABLE 1-8

TIDE CGAGE INVENTORY DATA

EASTERN END OF LOKG ISIAND SOUND

Iocabion

031d¢ Ssybrock, Connecticub
{Saybrook Marine Service, Inc. Dock)

Hew London, Comnecticub
{State Pisr)

Stonington, Comnectlicut
{Dodson Boat Yard, Inc. Dock)

Mombouk, New York
{Fort Pond Bay)

Type of Gage:

Type of
Gage
£,B,C
A,B

{A} Recorder
{B) starfs

Period of Reecord

20 Seyés 31956 - 7 Sept 1965
b June 1917 - 3 ¥ov 1917
31 Fme 1638 = To Date

1 0ot 3956 - To Date

& Bapt 1SHT7 = To Date

{C) Meximm Level

USCEGS

USCeGS



EXPERTENCED HURRICANE AND
SEVERE STORM TIDAL FLOODING

18. . RECENT HURRICANES AND SEVERE STORMS

In the last 28 years Mystic has been subjected to tidal flooding
from three major hurricapes and one severe storm, namely, hurricanes
of September 1938 and 194k, August 1954 and the storm of November
1950,

The center of the 21 September 1938 hurricane entered Commecticut
about 15 miles east of New Haven or about 35 miles west of Mystic and
proceeded northerly at s rate of 50 to 60 wph. The center of hurri-
cane "Carol", 31 August 195k, crossed the south shore of Connecticut
in the vicinity of New London, about & miles west of Mystic, and fol-
loved a generally northerly path across New Englend, In the hurricane
of 14 September 194li, the center of the storm passed inland between
Charlestown and Polnt Judith, Rbode Island, ebout 20 miles east of
Mystic, and continued in e northeasterly direction veering out to sea
at Boston, Massachusetts. Flood levels along the Connecbicut coast,
based on observed high watermarks from the hurricanes of September
1938 and August 1954, are shown on plate 1l-7. The tracks of selected
major hurricanes are shown on plate 1-8. Detailed descriptions of the
three msjor hurricanes of recent years sre given in the Hurricane
Survey Inberim Report, Mystic, Comnecticut, dated 15 July 1960.

Minor to moderate tidal flooding occurred at Mystic during hurri-
cane "Donna", 12 September 1960, snd during the storms of 7 November
1953 and 25 November 1950. The storm of November 1950 started as a
disturbance from Virginis, intensified rapidly, end moved north-
northeastward reaching New England on the 25th, and it resulted in the
most violent storm of its kind on record. Tidal flooding occurred
along the entire Connecticut coast and was parbticularly severe west of
New Haven. The peak of moderate tidal flooding at Mystic harbor occurred
at gpproximetely the time of the predicted normal high tide. The re-
corded maximum gust and sustained S-minute wind velocity at New Haven
were 77 and 50 mph, respectively. Minor tidel flooding has also oc=
curred from a number of other hurricenes and severe storms in the past
28 years. Recorded and predicted tidal heights at Mystic barbor for
the hurricenes of 1938, 194k and 1954 end the severe storm of November
1950 are shown in table 1l-9.

15



Hurricsnes

21 Sept 1938
14 Sept 1ok
31 Aug 195k
Other Storms

TABLE 1-9

TIDAL FLOOD DATA FROM RECENT HURRICANES AND

25 Nov 1950

Hurricanes

21 Sept 1938

14 and
15 Sept 19hh

31 Aug 1954

Other Storms

25 Nov 1950

OTHER STORMS, MYSTIC HARBOR, CONNECTICUT

Predicted Max, Surge
Tidal Flood Crest Tide Above Pre-
Time Elevatbion EBlevation®  dicted Tide
{ESTY (£%,msl) (F%,mel) (Teet)

,4'3 30 P.M, lﬁoh‘ 009 905 e
10:10 P.M. 6.2 Toli 5.8
10:15 AcM. 8.8 1.7 7.1

9: 12 P.M. 6@7 098 509

Predicted Normel Tide
High Tide Low Tide
Time Elevation Time BElevation
QESTS thngl; ZESTS Zfb,msl.i

6: !{6 PoMe 109 12: 13'3 PaMm ”‘193

6: 57 PQMO 106 l: 26 AGMQ “009
10:25 A.M. lg? k. 31 A.M. =1s0

9:27 P .M. 0«98 32 l"5 P.M. “1&93

* Predicted tide elevation at time
. of approximeie flood crest
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19. FREQUENCY OF TIDAL FLOODING

Although tidal flooding from hurricanes or severe storms hasg
been recorded in Conmecticut since the early part of the 17th
century, records of elevations are meager until recemt years.
Chronologicel lists of hurricanes, through the year 1958 and severe
storms, through the year 1956, that csused tidal flooding along the
Connecticut coast are given in tables A-1 and A-2 of Appendix A,
Hurricane Survey, Interim Repors, Mystic, Commecticut, 15 July 1960.
Since the year 1956, there have been 4 hurricanes and 10 severe
storms that have affected the southern coast of New England. The
4 hurricanes were Brenda (30 July 1960), Donna (12 September 1960},
Esther (21 September 1961) and Daisy (6-7 October 1962). ‘The most
severe of the 10 storms cccurved 19 Februaxy 1960. With the exe
ception of hurricane "Donns" whbich caused moderate tidal flooding,
recent hurricanes and severe shtorms have caused only minor tidal
flooding in the Mystic harbor area.

In the preparation of tidal elevation-frequency data for
Mystic harbor use was made of similar date prepared for New London
harbor, which is located about 6 miles west of Mystic harbor. The
U, 8. Coast & Geodetilic Survey has meintalned a recording tide gage
at State Pier, New London barbor from July 1938 to the present time.
Tidal elevation=frequency data for Mystic harbor, derived from the
New London data, are shown in teble 1-10. The Mystic harbor fre-
quency curve is shown on plate 1-9 and represents a composite curve
based on the 15l~year period, 1815-1965, that iunfluences the upper
portion of the curve and the 27.5 year period, July 1938 ~ December
1965, for which there is & continuous tide gage record, that deter-
mines the lower portion of the curve. '

DESIGN HURRICANE TIDAL FLOOD

20, DESIGN STORM

The design storm used in determining the reguired height of
protective structures for Mystic, Connecticut was developed through
the cooperation of the U. S. Weather Bureau snd the Coastal Engineer-
ing Research Cember, assisted by the Texas A. & M. Research Foundation.
The design storm, equivalent to the standerd project hurricane (SPH)
was baged on the transposed Cape Hatteras hurricane of Septeuber l9hﬂ,
vwhich is the largest Atlantic coastal storm according to the Us S,
Weather Bureau. The SPH criterias were established by enveloping
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TABLE 1-10

ey

“MYSTIC DAXBOR, CORRECTICUT

Frequency Plotting Position
Percent Chance of Oc(‘ivirrence

Maximuns in Ay 1 Year
Tidal " ) (Tady 1928-;
Hurricane or Storm Elevati 1815-1065 Dee, 1965
T2t mai}CEY |
Hurricsne, 21 Sept 1938 10,1»,@3 0.33 1.8
Hurricane, 31 Aug 195k 8.8 0.99 5.5
Storm, 25 Nov 1950 6.7 - 9.1
Hurrieane, 14 Sept 19hk 6.2 - 12.7
Hurricane, 12 Sept 1960 6.0 - 16.4
Storm, T Hov 1953 5.9 « 20,0
Storm, 19 Peb 1960 5,0 - 23,6
Stowm, 12 Nov 1oh7 k.9 - 27.3
Stoxm, 3 Mar 1942 b7 - 30.9
Storm, 30 Nov 1ok h.6 - 34,5
Storm, 16 Peb 1958 k6 - 38.2
Storm, 30 Nov 1963 ko6 - 41.8
Storm, 16 Mar 1956 k.5 - L5.5
Storm, 20 Mar 1958 k.5 - k9.1
Storm, 9 Mar 1961 k.S o« 52.T
Hurricane, 21 Sept 1961 L5 - 56,4
Stornm, 7 Mar 1962 b5 - 60.0
Storm, 6 Dec 1962 k.5 - 63.%
Storm, 2 Dec 1942 k.3 - 67.3
Storm, 1k Feb 1960 4.3 - 70.9
Storm, 3 Nov 1951 b2 - Th.5
Stom, 6 Mar 19u3 L}ol - 7802
Storm, 12 Dec 194k k1 - 81.8
Storm, 22 Nov 19k5 k.1 - 85.5
Storm, 16 Oct 1955 b1 - 89.1
Storm, 29 Dec 1959 4,1 - 92.7
Storm, 31 Oct 1947 k.0 - 96.4
Storm, 26 Feb 1960 b0 - 100.0

(1) Calculated plotting position

P lOO M"O ° 5

Y

58

where,
P =z percent chance of occurrence imn any 1 year
M » number of the event
Y =z number of years of record

{2) Based on New London harbor tidel elevation dats, stage
related to Mystic harbor, except as noted

(3) Based on high watermark elevations at Mystic, Comnecticut
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observed hurricane parameters of central pressure and radius of mexi-
mun winds separately, and smoothing geographically. In deriving the
SPH, the 1944 storm was transposed so that it was located entirely
over wabter between Cape Hatteras and the New England cosst. The re-
sulting Central Pressure Index (CPI) was about 27.8 inches nesr the
mouth of Narragansett Bay, Buzzards Bay and Long Island Sound. This
CPI was approximately 0.5 inch lower than the barcomebtric pressure
that actually occurred in Sepbember 1944, The center of the trans-
posed hurricane was assumed to move northerly with forward speeds of
30 and 40 knots and along a track passing over New England, 49 nouti-
cal miles west of Montauk Point, Long Islend, New York.

2l. WIND FIFIDS

Wind field charts of the transposed September 1944 storm ad-
Jjusted by SPH indices were prepared originally by the BHydrometeore
ological Section (HMS), of the U. S. Weather Bureau for Narragepsett
and Buzzards Bays. The set of charts, showing the hurricane at
hourly intervals over the open ocean for forward speeds of 10, 20,
30, 40, 50 and 60 knots and with large radil of meximum winds, are
also applicable for Long Island Sound. In general, the faster moving
storms produce higher wind velocities. Although 50 or 60-kaot storms
produce the highest wind velocities, these storms travel so fast that
they tend to run shead of the tidal surge. This results in lower
surge build=-up them with the 30 or LO=knot storms. Caleculations show
that the 4O-knot storm, with large radii of meximum winds, would cause
the grestest surge at Narragsnselt Bsy, Buzzards Bay and the eastern
and western portioms of Long Island Sound, including Mystic, Comnec~
ticut. The 30<knot storm with large radii of maximum winds produced
higher surge heights for the central portion of Long Islsnd Sound.

The average balf-hour meximum wind velocity from the southeast,
over the fetch from Fishers Islsnd to Mystice, is 85 miles per hour
for the hO-knot storm as shown in U. 8. Westher Bureau Memorandum
HUR 7-72, dated 29 December 1960 snd entitled: "Transposed September
1944 Hurricene Isovel Cherts, SPH Indices, for Pawcatuck, Comnecticut,
Forward Speed 40 Knots.”

A comperison of the wind patterns for a standard project hurri-
cane having 30 and 60-knot forward speeds is given in U. S. Weather
Bureau Memorsndum HUR T-66a, dated 21 December 1959, entitled: ™A
Comparison of Isovel Patterms for September 1044 Hurricame Moving at
30 snd 60 Kuots." The results showed that the overall wind pattern
at 60-knot forward speed as compared to the wind pattern when moving
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at 30 knots extended over a slightly larger ares with only & small
increase in wind velocity.

Wind field data for the design LO-knot storm on the open ocean
are shown on isovel charts and tebuletions given in HUR T=55. Iso=
vel charts of the LO-knot storm indicating the meximum wind fields
near the mouth of Long Island Sound =nd at Mystic are shown on plates
1-10 and 1l=11, respectively. Corresponding isovel charts of the
September 1938 hurricane are shown on plates 1-12 and 1-13.

22. DESIGN STORM SURGE

Analytical computabions of the storm surge varistions in Long
Island Sound for the SPH were carried out for the two critical stowrm
speeds of 30 and 40 knots. The September 1938 stomm surge was used
as a basis for anslytical studies by the Texas A, & M. Research
Foundation. The wind fields for the 1938 storm and the transposed
19Uk storm furnished by the U. 5. Weather Bureau were used to deter=-
mine the wind stresses over ocean waters and the resulting forced
surge over the conbinentsl shelf. A description of the method and
caleulations used ave contained in Beach Erosion Board Technical
Memorsndum 83, "Approximate Response of Water Level on a Slopiog
Shelf to & Wind Fetch Which Moves Towards Shore," dated June 1956,
by Rs O. Reid (Texas A. & M« ). The design burricesne corresponds to
a transposition of the 194k hurricane which was especially severe
off Cape Hatteras with wind field and pressures as specified in U. S.
Weather Bureau Memorands HUR 7-11, 7-l3 and 7-21, dated 15 June 1956,
1 August 1956 and 23 January 1957, respectively. This storm was cone
sidered to move northward along a path that would cause the regiom of
meximm winds and highest surge to be directed into the eastern en-
trance of the Sound, off Montauk Point, Long Island. In the Mystic
ares, to allow for differences between observed and computed surges
in the 1938 hurricene, the computed design surge for the LO-knot
storm wes modified by the ratio of the observed to the computed 1938
surge. This gave a design surge of 12.5 feet for the Mystic area,
compared with the experienced surge of 9.5 feet in the 1938 hurricane
(see plate 1-1b).

23. DESIGN STILIWATER LEVEL
The design stilluater level was determined by adding the design

storm surge to the mean spring high water elevation and rounding off
to the nearest half-foot as follows:
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Surge, Design Storm (feet) 12.5
(40=knot speed)

Mean Spring High Water (feet msl) L.h

13.9
Round Off Total (feet) _G.1
Design Stillvwater Level (feet msl) 14,0

In the Rurricanme Survey Interim Report, deted 15 July 1960, the
design stillwater level was shown as 14.9 feet msl. This level was
determined by adding the same design storm surge of 12.5 feet to the
high epring tide, elevation 2.k feet msl.

The probability of the design stomm surge occurring coucurrent
with the high spring tide is exbtremely rare. The design stillwater
levels of other recently designed projects in New England have been
based on the mean rather than the maximum spring high water level.

2k, DESIGN WAVE HEIGHTS AND PERIODS

Significant wave heights and periods associated with an average
maximum wind velocity of 85 mph from the southeast were derived by
methods obtained from the Beach Erosion Board Technical Report No. U,
entitled: "Shore Protection Plasmming emd Design.”

Wave refraction diagrams show thab the areas east and west of
Mason and Sixpenny Islands are vulnersble to waves of periods of 6
seconds or less from the southeast originating near Bast Point on
Fishers Islend. BSignificant wave heights of 5.4 feet and periods of
5.0 seconds at the Noank, Comnecticut shore was determined by
Bretschneider's Wave and Period Step Method for the 30 nautical mile
fetch from FEast Point on Fishers Island. Applying the wave correction
factors for refraction, diffraction and shoaling, reduced the meaximum
significant wave height from 5.4 to 3.3 feet for the main barrier and
land dike "A", Similarly, this significant vsalue of wave height is
spplicable to the barrier at the Causeway. The maximum significant
wave at land dike "B" was further reduced to a l-foot height by ade
ditional refraction, diffraction and shoaling.

The significaut wave helght, the aversge of the highest one-third
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of the waves in the train, wss used to determine the size of riprep,
amount of overtopping snd top of protection elevetion. The maximum
wave height is 1.58 times the significant height and bas a 1 percent
provbability in the wave train. This vave was used to determine the
height of runup and for the structural design of vertical walls and
gates. Waves rveaching heights equal to 0.78 of the stillwater depth
will break snd transform from oscillatory waves to waves of
translation.

The sverage wind velocities from Fast Polnt on Fishers Islang.
to the entrance of Mystic harbor during the design hurricene were
obtained from the isovel charte in U. 3. Weather Buresu Memorandum
HUR 7-72, dated 29 Decembsr 1960. The meximum average wind of 85
mph was assumed to occur coincident with the design peak stillwster
level as did the mexiaum wind in the 19%% hurricane. The meximum
wind in the 1938 hurricane occurred only 15 minutes prior to the
1938 peak stillwater level. Averages of 30-minute time intervals
of wind and water surface elevations were used in determining the
average height of significent ond wmeximm waves and periods. The
significent and meximumn wave beights for wind velocities other than
meximum were assumed to vary as the sguare root of the ratlo of the
wind velocities. The wave pericds were debernined by the relatiopn-
ship of Hg/T% = 0.22; whers Hy is the significant wave height in
feaet and T is the pericd in seconds. The sverage desigp wind ve-
locities, wave helghts ead periods colncident with average still-
vater levels for 30-minute time intervals sre shown on plate 1-15
and tabulated in table 1-11.

25. TOp ELEVATION OF STRUCTURES

~ The selected hurricane protection plan for the Mystic area
consiste of four structures: (a) msin barrier, (b) barrier at
causevey, (¢) land dike "A"” and (4) land dike "B". The selected
top elevation of 15.5 feet msl was found to resulbt in an scceptable
amount of ovextopping. A general layout plan of the Mystic struce
tures is shown on plate L-l.
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TABLE 1-11

DESIGN WIND VELOCITIES,
WAVE HETGHTS AND PERIODS
MYSTIC HARBOR, CONNECTICUT

HS 1@5838
Stillwater Windg Signitficant Meximum Wave

Time Level Veloclty Wave Helght Helght Period

(hour) (ft,msl) (mph ) { feat) (feet) {sec.)
k:15 - 4 b5 8.3 28 1.9 3.0 3.8
L 45 = 5:15 107 51 2.5 N} Loh
5: ls hd 5: L}'S 1309 72{' 350 1*'@7 ’%8
5:45 = 6:15 1k.0 85 3.3 5,2 5.0
6: ls bl 6: 24-5 llelﬂ‘ 78 361 lf-»g lh9
6:14‘5 * 7215 7@2 62 24}8 24"\:34* l"mé

26. WAVE RUNUP AND OVERTOFPING

Overtopping values were obliaived by lnterpolation and extrapo-
lating of the curves in the Beach Hrogion Technical Memovandum Ho.
64, entitled: “Laborabory Data on Weve Runup and Overtopping on
Shore Structures.” Since the wave heights in a wave train vary con-
giderably from weve to wave, it was necessary to determine paritisl
values of overbopping associsted with each height in the wave spece
trum. These values were then weigbted according to the relative
frequency of occurrence of the particular height and then swmmed for
the final velue of overtopping associsted with a wave train of given
significant height.

Wave runup data were obitained from the Beach Erosion Board
Technical Report No. b to determine the lower limit of wave heighbts
for which overtopping occurs. Waves thel broke seaward of the struc-
ture, due to shallow depths, vwere assumed to reform into lower waves.
These waves vere redistributed throughout the rest of the height
groups according to the proportion of the tobtal wmumber of waves in
the group.

jav]
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The amount of overtopping at the main and causeway barriers and
land dike "A" with a top elevation of 15.5 feet msl was estimated
sbout 150 acre-feet extending over a period of lg hours. Overtopping
at land dike "B" was considered negligible. A sumary of the wave
runup and overtopping for the various sections along the hurricane
structures is shown in tsble 1-12.

27. VELOCITIES IN NAVIGATION OPENINGS

To determine the velocities through the navigstion openings and
the effect of the project op normal tide levels in the harbor, am
average spring tide was routed through the storage with the gates in
the barrier open. A rating curve was developed for the combined
- flow through the main barrier and the small boat passageways The
open channel flow was assumed in the openings with losses equal to
ope-half the difference in velocity heads for both contraction and
expansion. Therefore, the velocity head in the openings equals the
~ head differential through the openings. Whenever the head differ-
ential is in excess of 2.0 feel, water in the small boat opening will
flow at critical depth. The loss coefficlents were adopted from an
anslysis of velocity measurements recently made at the New Bedford
hurricane barrier.

A graphical suwmmery of the mesn spring tide routed through the
harbor storage is shown on plate 1-16. Maximum average velocities
through the nevigation openings for normal tides are shown in table
l"‘l3w
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tracture

Kain Barriexr

Ste. 0400 to 1435
Sta. 1485 to 6490
Sta. 6490 to 7430
Sta. T430 to 20435
Sta. 20455 to 22415
Sta. 22415 to 22490
Sta. 22430 to 31415

Sta. 31415 to 32440

Lend Pike "a"
Sta. 0400 to 1400
Sta. 1400 to 3450

Sta. 3450 to k450

Barrier at Causswey
Ste. G400 vo 2425

Sta. 2425 to 2455
Sta. 2455 to 1388
Sta. 14488 to 15300
Sta. 15400 to 21380

Sta. 21480 tc 23420

TABLE 1-12

WAVE RUNUP AND OVERTOPPING

MYSTIC, CONNECTICUT

Elevations Maximm
Ground Significant Wave Overtopping
at Toe . Length of vave Belgny | Mexlmum Rumup! ) s T ) Totay -
f‘b*msl, \A;ée; le Seaward Face atn(z;r;re Hez.?;: at(;’r;&): Heft t I(Erlf:v;::‘i-s§n %a:;s) V?::f;t . V?i\:feﬁ)
{F%,ms1) ,mel) )

1505 $ 4.0 1 on 2.5(3) 185 3.3 5,2 b7 18.7 50.0 2.1 3.9
15.5 - 1.0 1 on 2.5(3) 505 3.3 5.2 k.7 18.7 136.0 5.6 11.3
7.5 3 7.5 RR Track Opening 10 3.3 5.1{%) 0.0 0.0 0.0 0.0 0.0
15.5 0.0 1 on.2.5(3) 1,325 3.3 5.2 n.7 18.7 360.0 1.8 29.5
15.5 - 7.0 1 on 2.5(3) 160 3.3 5.2 3.5 17.5 4,0 1.8 3.4
15.5 -17.2 (e L e ) 75 3.3 5.2 7.6 21.6 22,0 0.9 2.2
15.5 - 5.0 1 on 2.5(3) 8e5 2.3 5.2 3.5 17.5 205.0 9.3 17.5
15.5 $ 5.0 1 on 2.5(3) 125 3.3 5.2 ko7 18.7 34,0 _L.b 2.8
Subtotal 871.0 35.9 T0.6

15.5 410.0 1 on 2(3} 100 3.3 5,18 3.8 17.8 23.0 0.9 1.7
15.5 4 5.0 1 on 2(3) 250 3.3 5.2 b9 18.3 96.0 %.0 7.6
15.5 10,0 1 on 2(3} 100 3.3 3,18 3.8 17.8 23.0 0.9 1.7
Subtotal 42,0 ) 5.8 1.0

15.5 410.0 1 on 2(3) 225 3.3 3.1{%) 3.8 17.8 50.0 2.1 3.8
15.5 $ 7.0 (staet 5 8ne.) 30 3.3 5.2 11.8 25.8 1.0 0.6 L.k
15.5 430 1 on 2{3 1,233 3.3 5.2 .9 18.9 w6g.0 19.3 36.4
-6.0 - 6.0 Bost Opening 12 3.3 5.2 0.0 0.0 0.0 0.0 0.0
15.5 9.0 1 on 2t3) 680 3.3 5.2 k.9 18.9 261.0 10.8 20.3
5.5 410.0 1 on 2(3) 140 5.3 3.1(4) 3.8 17.8 _32.0 1.3 2.
Subtotal 826,0 3.1 &k, 3

Total 1,83.0 75.8 5.9

based on design stillwater level 1%.C feet msl for 30-minute time intexvel

Based on duration of overtopping (i} hours}

{1)

I3

{2}

{3} Armor stome
(&)

Based on breaking wave beights; Hp o Q.784, where & x water depth ab toe of structure



TABLE 1~13

MAXTMUM AVERAGE VELOCITIES

THROUGH NAVIGATION OPENINGS

FOR NORMAL TIDES#*

MYSTIC HARPOR, CONMECTICUT

Flood

Mean Tide (2.3' Range)

Knots (FPt/Sec)

Normsl Riverflow 2.4
Twenty CBM Riverflow 2.0

Aversge Spring Tide (2.7' Renge)

Normal Riverflow 2.8
Twenty CSM Riverflow 2.4

Meximum Spring Tide (4.2' Range)

Normal Riverflow k.3
Twenty CSM Riverflow 3.9

{h,1)
(3.4)

Ebb
Knots (Ft/Sec)
201 (395)
2.5 (h.2)
2.5 (k.2)
2.9 (4.9)
3.9 (6.6)
k.3 (7.3)

* Maximum velocities at center of openings estimated
to be 1.3 times the above average figures
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